Mimosa tenuiflora extract has been used in food industry as an additive and in textile and leather industry as a colorant. Two types of fabrics, ready to be dyed white and indigo dyed fabrics, were dyed with M. tenuiflora extract. The fabrics were mordanted after dyeing with six different metal salts. Colorimetric evaluations of fabrics were carried out by spectrophotometer. Colour fastness to washing, rubbing and light were performed. Colour strength of fabrics was calculated from Kubelka-Munk formula. Highest vividness (C * ) values were obtained by Ni mordant. Moderate fastness values were observed. However poor wet rubbing fastness values were observed in the case of indigo dyed fabrics due to lack of good wet rubbing fastness of indigo itself. ª 2011 King Saud University. Production and hosting by Elsevier B.V.
Introduction
Natural dyes have been used by human beings since Stone Age to the end of the 19th century. Especially during ancient times, natural dyes were valuable as gold. In ancient Egyptian cuneiform texts the process of natural dyeing is described. However owing to the development of synthetic dyes in the early 20th century, natural dyes had been used sparringly (Teli et al., 2000) .
Recently, there is a growing interest in natural dyes by researchers due to their bio-degradability, higher compatibility and sustainability. Natural dyes are obtained from renewable sources such as crops, insects and so forth, and this may decrease the dependence on the petrochemical sources. Canadian golden rod plant (Bechtold et al.,2003 (Bechtold et al., , 2007a , barberry, madder, hollyhock, privet, walnut, sticky alder tree (Bechtold et al., 2003) , ash tree (Bechtold et al., 2003 (Bechtold et al., , 2007b , Hibiscus mutabilis , Rubia cordifolia (Vankar et al., 2008) , Terminalia arjuna, Punica granatum, Rheum emodi , Coffea arabica L. (Lee, 2007) , Garcinia mangostana L. (Chairat et al., 2007) and Rhizoma coptidis (Ke et al., 2006) plants were used as natural dyes for silk, wool and cotton fabrics with different mordants.
Classical blue or dark blue denim fabrics, which are dyed with indigo, have some characteristic peculiarities such as low washing fastness and rubbing fastness, and moderate light fastness. Thus many fashion effects can be fulfilled by chemical and physical treatments such as laser, brushing treatment, pumice stones, cellulases, hypochloride, laccases, and potassium permanganate. These treatments can be applied to whole or parts of denim garments locally (Sarııs ßık, 2001) .
Cellulase and pumice stone washing has been a traditional finishing procedure for denim garments. Various articles were reported about cellulase and pumice stone applications for denim fabrics (Gusakov et al., 2000; Patrick and Foody, 2002; Pazarlioglu et al., 2005; Miettinen-Oinonen and Suominen, 2002; Sariisik, 2004; Klahorst et al., 1994) . Cellulase treatments provide lighter blue shades and a softer finish. When consumer desires lighter blue shades or ice blue shade, additional hypochloride bleaching can be done. Moreover hypochloride also can be applied locally.
Potassium permanganate treatment, called as ''moon washing'', has been widely used. ''Moon washing'' effect has been gained by both spraying the potassium permanganate to the local area of denim garments and using pumice stones which have been immersed into potassium permanganate solution (Sarııs ßık, 2001) .
Going by the fashion, dyeing of denims can also be applied after cellulase, laccase, pumice stone, hypochloride or permanganate treatments. Thus different fashion effects can be achieved. Natural dyes have potential in denim dyeing process because of some superior features that have been mentioned above.
Mimosa tenuiflora extract contains a mixture of condensed tannins, which are mainly mixtures of flavonoid and nontannins such as carbohydrates, hydrocolloid gums, and small amino and imino acid fractions (Pena et al., 2006) . M. tenuiflora tannin is condensed tannin that has a polymeric structure containing on the average four flavanoid units, typified by Fig. 1 . A-rings of M. tenuiflora tannin serve as very reactive nucleophiles and B-rings provide antioxidant properties and excellent sites for complexation with other metals and biopolymers (Martinez, 2002) . M. tenuiflora extract bonds cellulose macromolecules through metal ion (mordant) by forming coordinative bonding (Fig. 2) .
The aim of this study is to understand the effect of mordants on cotton dyeing using M. tenuiflora extract and to observe the effects of indigo dyed cotton fabrics, which are in fashion. Two different types of cotton fabrics were used: indigo dyed, white ready to be dyed. Each of the fabrics was dyed with two different concentrations of M. tenuiflora extract. Six different metal salt mordants were used. After dyeing and mordanting of fabrics, colorimetric and fastness values, such as fastness to light, washing and rubbing, were measured.
Experimental

Materials
Auxiliary chemicals such as hypochlorite, dispersing agent and pumice stones were obtained from commercial sources. Alum (KAl(SO 4 ) 2 AE12H 2 O) also used as a mordant is however provided from commercial sources. All mordants, except alum, were of analytic grade. All chemicals were used without purification.
Commercial powder of M. tenuiflora bark extract was used without purification.
The characteristics of denim fabrics are summarized in Table 1. Cotton fabric was supplied as ready to be dyed. Desized indigo dyed fabric was supplied from commercial source.
Method
Indigo dyed fabric was washed by first dispersing agent for 5 min at room temperature, and then washed by pumice stone for pumice 45 min at 40°C, then rinsing with pumice stone for 1 min and finally washing with hypochlorite (1.5 g/l) for 3 min at 40°C. After hypochlorite washing indigo dyed fabric surfaced along with tab water.
Dyeing was started at 50°C in drum type dyeing machine (Labortex) and after 5 min temperature of dye liquor was raised to 90°C within 15 min and maintained at that temperature for 1 h. Washing off procedure after dyeing was 5 min. rinsing at 50°C, two times of 5 min. duration involving cold rinsing. Three levels of M. tenuiflora extract concentrations, 5 g/l, 10 g/l and 20 g/l, were used in the trials. The dyed specimens were dried at room temperature.
Mordanting was started at room temperature and after 10 min temperature was raised to 60°C within 5 min. and maintained at that temperature for 30 min. After mordanting Figure 1 The flavanoid unit in mimosa tannin. A-ring: R 1 = H for resorcinol and R 1 = OH for phloroglucinol; B-ring: R 2 = H for pyrocatechol and R 2 = OH for pyrogallol. Figure 2 Binding mechanism of M. tenuiflora extract to cellulose macromolecule by means of metal salt. a cold rinsing was employed. Mordanting with metal salts was performed at two concentrations, which were 0.25 g/l and 2 g/ l. Mordanting experiments were performed using by IR dyeing apparatus. Both dyeing and mordanting treatments were carried out using a liquor ratio of 1:20.
All colour measurements were performed using Minolta 3600D spectrophotometer (D65 illuminant, specular included, 10 o observer angle). The spectrophotometer was equipped with software, which was able to calculate CIEL * a * b * C * h 0 and colour strength (K/S) values from the reflectance values at the appropriate k max for each dyeing automatically. Colour strengths of fabrics were determined by using the Kubelka-Munk formula (Eq. (1)), which is shown below.
where K is the scattering coefficient, S is the absorption coefficient, R is the reflectance. The colours are given in CIEL * a * b * C * h 0 . Coordinates: L * corresponding to the brightness (100 = white, 0 = black), a * to the red-green coordinate (+ = red, À = green) and b * to the yellow-blue coordinate (+ = yellow, À = blue), C * to vividness-dullness (100 = vivid, 0 = dull).
Washing fastness was performed according to ISO I05 C06 colour fastness to washing. Samples were cut into 40 · 100 mm pieces and then were stitched to adjacent multifiber DW (SDC). After that the samples were washed at 40°C for 30 min using ECE non-phosphate detergent (4 g/l) via Linitest washing apparatus (Atlas). The washed samples were rinsed with pure water and dried by hanging.
The samples were assessed against the standard gray scale for colour change (ISO 105 A02) and staining of adjacent multifiber (ISO 105 A03). A rating scale consists of pairs of standard gray chips, the pairs representing progressive differences in colour or contrast corresponding to numerical colourfastness grades, the numerical value that is assigned to the change in colour of a test specimen as compared to an original specimen. The rating scale was 1 (poor) to 5 (excellent).
Rubbing fastness was performed according to ISO 105-X12 using Crockmeter/Rubbing Fastness Tester (Atlas). Crocking cloths were purchased from James H. Heal & Co. Ltd. Ultra-pure water was used for wet rubbing fastness. Staining of crocking cloths was evaluating according to gray scale (ISO 105 A03).
Light fastness was performed according to ISO 105 B02 colour fastness to artificial light. Samples and standard blue wool fabrics (SDC) were placed in frames. The light fastness experiments were done using Xenotest Alpha (Atlas) light fastness apparatus. Fading between exposed and unexposed parts of samples was compared with standard blue wool fabrics. The rating scale was 1 (poor) to 8 (excellent).
Results and discussion
3.1. Effects of extract and mordant concentrations on white cotton fabric
Colorimetric values
The colorimetric values of dyed white denim fabrics are listed in Table 2 . Positive higher values of Lightness (L * ) represents brightness of colours. With negative values of L * , colour gets darker. Higher L * value was observed at minimum concentration of extract and in the case sans mordant. Indeed it is an expected situation because of low concentration of extract. However when the effect of mordant type was examined, highest L * values were obtained mordanting with Al. L * values of Al mordanted fabrics gave similar results with non-mordant dyeing. Thus brightest dyeing was obtained with Al mordant. Vividness (C * ) of fabrics increased with mordant by Ni and Cu. Highest C * values were observed with Ni at low concentration of mordant and Cu at high concentration of mordant. Highest hue angle appeared in the case of Fe mordant fabrics with 5 g/l concentration of extract and 2 g/l of mordant. Of course yellowness (b * ) and redness (a * ), apart from dye molecule, strongly depend on mordant type. Mordant metals can affect colorimetric and spectral properties of colours changing the position or distribution of conjugate bonds as well as addition of their unique colours. Metal mordant can form new electrostatic bonds with dye molecules. Thus conjugation of dye molecule can be changed by sharing electrons. Relatively less yellow and red colours were obtained mordant with Fe (Fig. 3) . In spite of their natural colours, Ni and Cu gave relatively high red and yellow colour with M. tenuiflora extract. Highest b * and a * values were obtained in the case of Cu mordant with 5 g/l concentration of extract and 2 g/l of mordant.
3.1.2. Colour strength K/S values are shown in Fig. 4 . Higher K/S values indicate higher dyeing yield and deeper colours. Although K/S values varied depending on mordant concentration and type, mordanting with ferrous salt yielded relatively high K/S values and also they were independent from concentration of mor- dant. Concentration of mordant did not affect the colour strength of dyeings in the case of mordanting with Al and Cr. However big increases of colour strength values were observed in the case of Cu and Pb mordants.
Fastness properties
Fastness properties of white denim fabrics are listed in Table 3 . Besides colour fastness to light strongly depends on the structure of dye, mordant type also can affect fastness property. The light fastness values were varying between 2-3 and 5. Worst light fastness values were obtained at 5 g/l extract concentration both without mordant and with Pb mordant. Highest light fastness value was observed at 20 g/l extract concentration level with Cu (2 g/l mordant concentration). Good bleeding behaviours were observed for all trials. Colour changes of fabrics were varying between 3-4 and 5. Colour change values of 3-4 with yellowish shade were observed in the case of 10 and 20 g/l concentration of extract dyeing without mordant. Another shade change in the colour change values were observed at mordanted with ferrous salt. The shade of fabrics was more reddish with ferrous salt. This fact may be attributed to change of Fe salt from ferrous to ferric structure. Reddish colour change also was observed with regard to high concentrations of Ni mordant. Good values were evaluated for both dry and wet rubbing fastness, which were varying between 5 and 4.
Effects of extract and mordant concentrations on indigo dyed fabric
Colorimetric values
Colorimetric values of indigo dyed fabrics are shown in Table  4 and colour catalogue of dyed fabrics is shown in Fig. 5 . It is well known indigo has a unique blue colour. Thus all b * values shifted to negative direction of b * axis. Contrary to cotton fabrics, more blue shades were observed with Pb and Alum mordants than the others. Mordant with Pb and Alum preserved the b * values of indigo dyed fabrics. Mordant with Cu had more yellow shades. Smallest b * values were observed especially at 10 and 20 g/l extract concentrations. When the values of a * axis are examined, the fabrics had more green shade than the cotton fabrics, because of blue colour of indigo. Positive a * values were observed in the case of higher Cu concentration with higher concentration of extract. Decreasing of chroma values were obtained as well as increasing of hue angle. It can be inferred that indigo dyed fabrics had more dull shades than the other two fabrics. Hue angles confirm that dyed with extract and mordanted gives more blue-green shades than both fabrics, which were mentioned above. Of course dyeing of indigo dyed fabrics shows dramatic decrease of L * values, which causes darker shades. The back side of indigo dyed fabrics showed different colorimetric properties than front side of indigo dyed fabrics (Table 5 ). Red-yellow shades were observed, which were confirmed by hue angles. Lowest chroma values were measured, which indicate more dull shades. However one exception, which is mordanted at highest concentration of Cu with highest extract concentration, reached chroma values of cotton fabrics.
Colour strength
K/S values of both back and front side of indigo dyed fabrics are shown in Figs. 6 and 7 respectively. Highest K/S values were measured in the case of Fe mordanted fabrics for both back and front side of indigo dyed fabrics. For all fabrics, highest K/S values were gained from front side of indigo dyed fabrics, which was caused by indigo dye. K/S values of back side of indigo dyed fabrics were observed higher than the cotton fabrics. Table 6 shows fastness properties of indigo dyed fabrics. Light fastness of fabrics varying between 3 and 5. Indigo has a good light fastness (Campbell et al., 1964) . Moderate light fastness of fabrics can be due to M. tenuiflora extract. Highest light fastness value was observed at 20 g/l extract concentration level with Cu (2 g/l mordant concentration). Washing fastness values were observed nearly same with values of cotton fabrics. Contrary to cotton fabrics, sharp decreases were observed in both dry and wet rubbing fastness due to rubbing fastness of indigo.
Fastness properties
Conclusion
Novel methods have been developed by mills and researchers due to competition in the denim industry. Thus dyeing properties of natural dye, M. tenuiflora extract, with different mordants were investigated. Various colour effects were obtained with different mordants. Highest colour strength values were obtained at indigo dyed fabrics due to indigo. Highest L * values were observed in the case of both Al and Pb mordanted fabrics. Vividness values increased with Ni mordant. Moderate light fastness values were observed. Although indigo has good light fastness values, light fastness was observed at moderate levels owing to M. tenuiflora extract. Poor wet and dry rubbing fastnesses were obtained in indigo dyed fabrics due to low rubbing fastness of indigo.
Natural dyes have been getting more important due to their advantages that are aforementioned. Our further work will be focussed on the use of various natural dyes in the production of denim goods. 
